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Introduction
The prevalence of homelessness in many Canadian cities continues to rise, despite the development of services targeting this issue. Research has shown that the prevalence of mental illness and addictions is higher among homeless individuals than in the general population, and that homeless individuals often have complex unmet service needs (Fischer & Breakey, 1986; Goering et al., 2011; D. Padgett, Struening, & Andrews, 1990) . Studies have found that 25-70% of homeless individuals have cooccurring mental health and substance use problems (Collins et al., 2012; Drake, Osher, & Wallach, 1991;  D. K. Padgett, Gulcur, & Tsemberis, 2006; Palepu, Patterson, Moniruzzaman, Frankish, & Somers, 2013; Street Health, 2007) , and co-occurring substance use presents a considerable hindrance to mental health recovery (D. K. Padgett, Stanhope, Henwood, & Stefancic, 2011) . This subpopulation of homeless individuals is particularly vulnerable, and is more likely to experience chronic physical illness, premature death, longer length of time homeless, and poor treatment retention (Palepu, Patterson, Strehlau, & al., 2013 ).
Housing First
Housing First (HF) is an intervention designed to address the unique needs of this subpopulation; it provides permanent housing without prerequisites for abstinence or treatment, and access to supportive health services. This approach contrasts with more traditional supportive housing models that require sobriety and engagement in mental health treatment before consumers are deemed "housing ready" (Tsemberis, Gulcur, & Nakae, 2004) . Operating from a harm reduction philosophy, the Housing First approach posits that providing housing to homeless individuals with mental illness first provides the foundation, stability and safety necessary for consumers to move towards recovery (Tsemberis et al., 2004) . Several research studies have supported its designation as an "evidence-based practice," showing consistently positive outcomes on residential stability, reductions in cost of public services, and improved quality of life (D. K. Padgett et al., 2006; Pearson, Montgomery, & Locke, 2009; Perlman & Parvinsky, 2006; Tsai, Mares, & Rosenheck, 2010; Tsemberis et al., 2004) . Researchers continue to caution, however, that variation in HF programs, lack of consistent fidelity measures, and methodological constraints weaken the current knowledge base, and recommend more research seeking clarity about its effectiveness for specific subpopulations (Groton, 2013; Kertesz, Crouch, Milby, Cusimano, & Schumacher, 2009; Mark, 2014) .
In particular, there is no consistent evidence regarding the effectiveness of HF for individuals with active substance use problems. Authors reviewing comparative trials involving HF concluded that "for homeless individuals with a prominent and active problem of addiction, the data on Housing First are mixed and unsettled," arguing that most of the program studies have served individuals experiencing chronic homelessness but whose "severity of substance misuse" has been moderate." (Kertesz et al., 2009 ). Variability in measurements of substance use contributes to mixed findings, though it is widely acknowledged that assessing substance use with dually diagnosed or homeless persons is especially complicated (Sacks, Drake, Williams, Banks, & Herrell, 2003) .
Though one of the most consistent outcomes has been HF's positive impact on housing stability and retention, varied effects of substance use on mediating that outcome emerge in the research literature.
One study, for example, found consumers without a substance use diagnosis were much more likely to achieve consistent stable housing than those with a diagnosis, especially those with both alcohol and drug problems (Hurlburt, Hough, & Wood, 1996) . Other studies have similarly echoed the impact of substance use on predicting shorter tenure in housing (Collins, Malone, & Clifasefi, 2013; Lipton, Siegel, Hannigan, Samuels, & Baker, 2000; Wong et al., 2006) , though others taking substance use into account have found significant differences in housing outcomes (Edens, Mares, Tsai, & Rosenheck, 2011; Palepu, Patterson, Moniruzzaman, et al., 2013; Pearson et al., 2009 ).
Effects of HF on substance use outcomes remain unclear. One recent review of the five most rigorous HF studies concluded that the majority found neither HF nor the control group programs decreased substance use (Groton, 2013) , affirming the same conclusion from an earlier review (Kertesz et al., 2009) . A recent study using interactional analysis suggested these effects "may not be universal across subgroups;" these authors found, for example, that African American veterans in the HF program had greater reductions in severity of drug problems than Caucasians (O'Connell, Kasprow, & Rosenheck, 2012) . Another study assessing differences in substance use outcomes between Housing First and Treatment First (i.e., temporary congregate housing with prerequisite of detoxification/sobriety and 'housing readiness') participants using qualitative data, found that participants who received Treatment First were more likely to use drugs and/or abuse alcohol 12 months after program entry than Housing First participants (Padgett et al. 2011) . Studies based on an HF program in Seattle serving chronically homeless persons with severe alcohol problems found steady decreases in daily alcohol use, and reductions in median number of drinks and number of days intoxicated among the intervention group (Collins et al., 2012; Larimer et al., 2009 ).
The At Home/Chez Soi Project
In 2009, the Mental Health Commission of Canada initiated the At Home/Chez Soi Project, a multi-site randomized controlled trial to assess the effectiveness of scatter-site Housing First in the Canadian context (Goering et al., 2011; Hwang, Stergiopoulos, O'Campo, & Gozdzik, 2012) . The mixed (quantitative and qualitative) methods study followed participants for two years post enrollment. The At Home/Chez Soi project was implemented across five cities in Canada -Moncton, Montreal, Toronto, Winnipeg and Vancouver. Inclusion criteria for the study were: aged 18 or older; absolutely homeless or precariously housed status; the presence of a mental health disorder with or without a co-occurring substance use disorder, as determined by the Mini International Neuropsychiatric Interview (MINI 6.0) (Goering et al., 2011) . At Home/Chez Soi project participants were randomized to either scatter-site Housing First or 'Treatment as Usual' (TAU). Participants in the Housing First intervention received choice in the location of housing across the city, a rent supplement, and mental health service supports according to their level of need. In the Toronto site, 97 participants were randomized to an intervention designed for those with high service needs (housing + Assertive Community Treatment), 204 were randomized to a moderate needs intervention (housing + Intensive Case Management), and 274 were randomized to the TAU arm. Those randomized to the TAU arm received no specialized services but received information materials about services available in the community. Moderate needs participants who identified as ethnoracial were provided with the option to participate in an Ethnoracial-ICM intervention (ER-ICM -specific to the Toronto site of the project). A description of the study intervention arms has been published elsewhere (Goering et al., 2011) . Study participants were classified as high or moderate need using criteria that correspond to Section 3 of the Ontario Standards for Assertive Community Treatment teams (Goering et al., 2011) . All other study participants were classified as moderate need.
This study examines the effect of HF on substance use outcomes by comparing scatter-site HF and treatment as usual for a population of homeless adults with mental illness in Toronto, Canada. We examined the impact of the HF intervention on both alcohol and drug use problems, and addressed the following research question: are there differences in substance use (alcohol and illicit drug) outcomes between the Housing First intervention group and TAU group over time? We hypothesized that participants in the HF intervention arms would have greater reductions in substance use problems over time than participants in the TAU group.
Materials and Methods

Data Collection
Participants in both study arms completed surveys at baseline, and at 3 month intervals up until 24 months after enrollment to assess changes by study arm in such outcomes as mental health, substance use, social functioning, community integration, and criminal justice system involvement. Participants were also asked about sociodemographic characteristics at baseline. Interviews were conducted by trained interviewers in the project office or in participants' homes. Interviews were conducted between 2009 and 2013. Written consent was received from all study participants. The follow-up rate for the sample at 24 months was 80%. Ethics approval was received for the study from the St. Michael's Hospital Research Ethics Board.
Study Measures
2.2.1.Outcome Variables: Substance use problem outcome variables included the Global Assessment of Individual Need -Substance Dependence Scale Short Screener (GAIN-SS) (Dennis, Chan, & Funk, 2006) , and four questions derived from the Addiction Severity Index (ASI) (McLellan et al., 1992) . The GAIN-SS consisted of five questions to determine participants' severity of substance use problems (such as getting into fights, problems at work, dealing with withdrawal symptoms ) in the 'past month', '2-12
Months' or '1 or more years.' Using these questions, the GAIN Past Month score is calculated by counting the number of times the participant identified that they had these problems in the last month. The resulting score has a range from 0 to 5 with higher scores reflecting greater severity of substance use problems (Dennis et al., 2006) . Individual ASI items included the number of days in the past month that alcohol problems and drug problems (defined as craving, withdrawal symptoms, disturbing effects of use, or wanting to stop and being unable to) were experienced and the amount of money spent on alcohol and drugs in the last 30 days (McLellan et al., 1992) . The ASI items on the number of days in the past month that alcohol or drug problems were experienced ranged from 0-30. The ASI questions on the amount of money spent on alcohol involved a response range of $0-$900, and the amount spent on drugs involved a range of $0-$10,000 in the last 30 days.
Covariates: Covariates included study treatment, a dichotomous variable indicating randomization to the Housing First interventions (ACT, ICM and ER-ICM) or Treatment as Usual.
Time reflects the five survey data points (baseline, 6 months, 12 months, 18 months and 24 months). The effects of a time by study treatment interaction were also included to examine changes in substance use outcomes by study arm over time. Potential confounder variables added to the models included: gender, age at enrolment, visible minority status, country of birth, marital status, duration of homelessness, employment, education, chronic conditions, and number of children, as these have been examined as confounders in other studies of the effects of Housing First on substance use problems (Edens et al., 2011; D. K. Padgett et al., 2011) .
Data Analysis
A repeated measures negative binomial (generalized estimating equations) model was used for all count outcomes, (GAIN-SS Past Month Score, and number of days experiencing alcohol and drug problems), to account for the correlation between measures over time as well as to account for any overdispersion in our data, as opposed to a poisson model which is commonly used for count outcomes. For the continuous outcomes of amount of money spent on drugs and alcohol, a linear repeated measures (generalized linear model) model was used.
To determine the effect of each potential confounder on the main effect of treatment, time and their interaction, each variable was solely entered into the model to determine their effect including any two or three-way interactions with the intervention and time. Variables found to have a significant effect at a pvalue of <0.2 were then selected for a final multivariate model. All variables found to be significant at this stage were entered into a multivariate model and examined at a p-value of <0.05. Variables found to be non-significant in this model were further removed taking into account any confounding effects and collinear variables.
In the multivariate models, the incidence rate ratios are presented for each of the count outcomes which represent the change in count for each covariate with respect to the reference group or a unit change for continuous covariates (age). A significant change from 1 is indicative of an increase or decrease in the number of days substance use problems were experienced. Parameter estimates (βs) are presented for the continuous outcomes of amount of money spent on alcohol and drugs, with a positive or negative coefficient being indicative of an increase or decrease in the amount of money spent. A treatment by time interaction was included in all models in order to display the effect of the intervention over time with respect to each outcome, whereas interactions tested for each separate covariate were found to be nonsignificant (at a p-value of 0.05) and were further removed. Therefore, the IRRs and parameter estimates for each covariate represents an overall change across all time points.
All analysis was performed in SAS 9.4 using PROC GENMOD (count) and PROC MIXED (linear) for each outcome with an unstructured correlation matrix considered in all models. Table 1 shows sociodemographic characteristics for the entire sample and a comparison by study arm.
Results
The majority of the sample was male (68%), and the mean participant age at enrollment was 39 (SD=12).
The only significant difference between participants in the intervention arms and TAU was age at enrolment -TAU participants were slightly older than intervention participants (41 vs. 39 years old; pvalue=0.0480). Table 2 displays substance use patterns at baseline for the total sample and by study arm. Of the 575 participants, 50% reported using alcohol, 44% reported using at least one illicit substance and 31% reported using more than one substance per day including alcohol, in the last 30 days. The only difference in substance use patterns between the intervention and TAU groups was that more TAU participants used opiates (6% vs. 12%; p-value=0.016) and cocaine (4% vs. 9%; p-value=0.011 ) in the last 30 days. Table 3 
Discussion
Study findings show that Housing First participants experienced greater reductions in alcohol problems over time than TAU participants. The study thus addresses an ongoing debate as to whether Housing First can have a positive impact on clinical outcomes such as substance use, in addition to improving housing stability and quality of life. These findings add to results from other studies that have found that the intervention contributes to reduced alcohol problem symptoms over time (Collins et al., 2012; Larimer et al., 2009; Tsemberis, Kent, & Respress, 2012) , but not necessarily reductions in illicit drug problems (D. K. Padgett et al., 2006; Tsai et al., 2010) . It is not clear why a significant difference in substance use problem symptoms (GAIN-SS score) between HF and TAU groups was observed at 12 months and not sustained at 24 months, but future studies should examine the consistency of this pattern.
A number of studies have found that substance users enrolled in Housing First can achieve long term housing stability despite active substance use (Edens et al., 2011; D. K. Padgett et al., 2006; D. K. Padgett et al., 2011; Palepu, Patterson, Moniruzzaman, et al., 2013) .
Nevertheless, the lack of effect of the intervention on illicit drug use problems may be because individuals experiencing these problems need additional supports to reduce use.
Some limitations to the analyses should be considered when interpreting results. Self -report measures of substance use were used, which could reflect under-reporting by participants. However, there is increasing evidence that self-reports of substance use can be valid and accurate among this population (D.
K. Padgett et al., 2006) . The use of the ASI questions of amount of money spent on alcohol or drugs as independent indicators of substance use and related problems is a limitation as participants could have received alcohol or drugs without necessarily spending money for substances.
Strengths of the study include the use of standardized measures of substance use problems. Furthermore, the analyses include an examination of intervention effects over time for alcohol and illicit drug problems separately -a number of studies in the Housing First research have examined one of these outcomes or combined them. The differential effects of Housing First on alcohol and illicit drug problems found in this study highlight that more research is needed on the specific role and efficacy of alcohol and illicit drug use treatment components, and suggest that specific patterns and types of use need to be considered in the delivery of Housing First interventions.
